RNA polymerases (RNAPs) can act as molecular motors, moving processively along DNA and synthesizing RNA from the DNA template. The RNAP from bacteriophage T7 is a single subunit enzyme that can carry out all transcriptional functions in the absence of additional protein factors, from initiation, elongation to termination. The structure of T7 RNAP resembles some of DNA polymerases in a hand-like configuration. In this modeling study we focus on how T7 RNAP couples its translocation with nucleotide addition during transcription elongation. Based on structural information and experimental data from single molecule force measurements, we build a 'facilitated' Brownian ratchet model that may resolve a debate between 'power stroke' and 'Brownian ratchet' views of this RNAP. In present model, the RNAP translocation is achieved either by thermal hopping, or by a facilitated movement upon Tyr639 side chain 'pushing'. Under this scenario, we examine as well how the RNAP efficiently selects right nucleotide starting from the nucleotide pre-insertion, a 'ratchet' step right after the translocation. Both O-helix and Tyr639 seem to play important roles in the nucleotide selection. The selection accounts fully for transcription fidelity of T7 RNAP due to lack of proof reading. Further, we incorporate sequence effect into the translocation model and probe intrinsic termination of T7 RNAP through a forward tracking intermediate. The termination efficiency seems to be boosted by the facilitated translocation. Our present scenario for T7 RNAP is similar to a 'two-paw' ratchet mechanism proposed for multi-subunit RNAP. Accordingly, functional analogies could be made between involved structural elements from the two types of RNAPs.
bacteriophage T7 is a single subunit enzyme that can carry out all transcriptional functions in the absence of additional protein factors, from initiation, elongation to termination. The structure of T7 RNAP resembles some of DNA polymerases in a hand-like configuration. In this modeling study we focus on how T7 RNAP couples its translocation with nucleotide addition during transcription elongation. Based on structural information and experimental data from single molecule force measurements, we build a 'facilitated' Brownian ratchet model that may resolve a debate between 'power stroke' and 'Brownian ratchet' views of this RNAP. In present model, the RNAP translocation is achieved either by thermal hopping, or by a facilitated movement upon Tyr639 side chain 'pushing'. Under this scenario, we examine as well how the RNAP efficiently selects right nucleotide starting from the nucleotide pre-insertion, a 'ratchet' step right after the translocation. Both O-helix and Tyr639 seem to play important roles in the nucleotide selection. The selection accounts fully for transcription fidelity of T7 RNAP due to lack of proof reading. Further, we incorporate sequence effect into the translocation model and probe intrinsic termination of T7 RNAP through a forward tracking intermediate. The termination efficiency seems to be boosted by the facilitated translocation. Our present scenario for T7 RNAP is similar to a 'two-paw' ratchet mechanism proposed for multi-subunit RNAP. Accordingly, functional analogies could be made between involved structural elements from the two types of RNAPs. Interactions between RNA polymerase and specific promoter DNA sequences trigger a precise progression of conformational changes in both biomolecules. These steps constitute the mechanism of DNA opening and the start of transcription; each step provides a critical checkpoint for regulatory input. Studies of E. coli RNA polymerase demonstrate that binding free energy alone opens the initiation bubble (À11 to þ2), placing the þ1 template base in the active site of the enzyme. Subsequent conformational changes are required to form the stable open complex RP o . Here we present recent fast footprinting experiments (hydroxyl radical, permanganate) that characterize the protection of the DNA backbone protection and the degree of thymine base unstacking in the three kinetically significant intermediates (I 1 , I 2 , I 3 ) on the time scale of their formation. Experiments performed after mixing RNA polymerase and the lP R promoter DNA demonstrate that the DNA duplex containing the start site first loads in the RNA polymerase active site channel in duplex form to form I 1 , and that the subsequent step cooperatively opens the entire transcription bubble. In the back direction, [salt] upshift experiments demonstrate the existence of two unstable open intermediates, I 2 and I 3 . Comparison of the degree of protection of the backbone in I 2 , I 3 and RP o reveals differences between the nontemplate (NT) strand in these complexes but not the template (T) strand. We propose that the T strand is loaded first, followed by steps that reposition the NT strand, assemble the downstream clamp/jaw and thereby stabilize RP o . Experiments designed to test the role of the downstream RNA polymerase ''jaw'' and downstream DNA in the late steps will also be presented. This work was funded by NIH grant GM23467.
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Transcription in Chromatin: Single-Molecule Observation of Active Mononucleosomal Elongation Complexes Grant Schauer, Nikolay Pestov, Matthew V. Fagerburg, Vasily Studitsky, Sanford H. Leuba. In eukaryotes, the nucleosome represents a significant energetic barrier to transcription, yet the mechanism of nucleosome traversal by RNA Polymerase (RNAP) remains elusive. During active transcription, strong DNA:histone and RNAP:histone contacts may play a major role in maintaining nucleosomal integrity. To interrogate these possible mechanisms in further detail, we monitor a model Elongation Complex (EC) via single-pair fluorescence Förster resonance energy transfer (spFRET). Beginning with a paused polymerase on a mononucleosome engineered with a single FRET pair, we observe nucleosomal transcription upon addition of NTPs. We observe states that we attribute to pausing of the polymerase, confirmed by experiments in which we translocate RNAP downstream to various paused positions upon infusion with prescribed sets of limited NTPs. We demonstrate the potential for these direct observations of polymerase pausing and active transcription to provide unprecedented mechanistic information on chromosomal transcription.
347-Pos Board B147
An Investigation of the DNA Binding Patterns of Thyroid Hormone Receptor Stephen Ayers. Thyroid hormone mediates a variety of physiological effects through thyroid hormone receptors (TR). Because of the diversity of thyroid hormone response elements (TREs) bound by TR, it is difficult to predict genomic regions regulated by TR ab initio. In this study, we have performed a comprehensive analysis of TR bindign sites in the genome using a novel chromatin IP-Sequencing strategy, employing a biotinylated epitope tag ( BioChIP-Seq). Using this strategy, we have discovered that thyroid hormone receptor binds to a wider diversity of promoter sequences than expected and exhibits unexpected changes in response to hormone binding. The results of this study add to our understanding of thyroid hormone regulation of target genes through DNA binding events.
Chromatin 348-Pos Board B148 Evidence for Carbon-Oxygen Hydrogen Bonding in Lysine Methyltransferase Set7/9 by NMR Chemical Shift Scott Horowitz, Hashim Al-Hashimi, Raymond Trievel. SET domain methyltransferases are S-Adenosylmethionine (AdoMet)-dependent enzymes that catalyze the site-specific methylation of lysyl residues in histone and non-histone proteins in eukaryotes. Based on crystallographic and ligand binding studies, an unusual type of hydrogen bond, known as a carbon-oxygen (CH...O) hydrogen bond, has been proposed to coordinate the AdoMet methyl group in the active site of SET domain methyltransferases, aligning and activating it for transfer to the lysine e-amine group during catalysis. The fundamental question we address here: Is there spectroscopic evidence for CH...O hydrogen bonding between the AdoMet methyl group and the SET domain active site? To address this question, we used Nuclear Magnetic Resonance (NMR) spectroscopy and quantum mechanics calculations to examine whether the AdoMet methyl group is bound through CH...O hydrogen bonding in the human lysine methyltransferase SET7/9 via 1 H chemical shift studies. Our results indicate that at least two of the three protons in the AdoMet methyl group engage in CH...O hydrogen bonding, suggesting a role for these interactions in the S N 2 methyl transfer reaction. The methods described here are applicable to characterizing CH...O hydrogen bonding in other proteins as well as nucleic acids.
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Free Energy Profiles for Nucleosome Position Changes Hidetoshi Kono, Naoko Kanaeda, Hisashi Ishida. Nucleosome, consisting of a histone octamer with DNA wrapping around it, is the basic structural unit of the chromatin structure. It has been known that nucleosome positions are closely associated with the regulations of transcription, DNA replication, repair and recombination. How does the nucleosome dynamically change the position according to the states of the cell ? To understand the mechanism, we carried out molecular dynamics simulation to obtain free energy profiles for the position changes. We forcefully changed the relative position between DNA and a histone core with an adaptively biasing force method and obtained the free energy profile as a function of the relative rotational angle. The energy profiles show that the position change spontaneously occurs at some angles, while it costs about 10 to 15 kcal/mol to pass through the several angle regions where the strong electrostatic interactions exit between DNA phosphate atoms and histone tail atoms. Our result suggests that some factors such as remodelers are essential to pass through these energy barriers.
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Thermodynamic Stability of Histone H3 is a Necessary but not Sufficient Driving Force for its Evolutionary Conservation Srinivas Ramachandran, Lisa Vogel, Brian D. Strahl, Nikolay V. Dokholyan. Determining the forces that drive evolutionary conservation of amino acid sequences of proteins has been a fundamental pursuit of molecular evolution. In the absence of any other function, it is thought that the core domains of proteins are conserved to maintain the thermodynamic stability of the protein. We have sought to test this idea further using the strongly conserved buried core of histone proteins H3 and H4. Consistent with previous notions, we observed a strong correlation between survival fitness in yeast and nucleosome thermodynamic stability. However, in striking contrast to what is normally observed, we find that thermodynamic stability of buried histone H3 residues is not correlated with 66a Sunday, March 6, 2011 
